UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 7 .0 71 .557B2 

APPLICATION NO. : 09/388,031 

DATED : July 4, 2006 

INVENTOR(S) : S almanAkram 



It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



The title page showing the illustrative figure should be deleted to be replaced with the attached title 
page. 

The drawing sheets, consisting of Figs. 3a, 3b and 5, should be deleted to be replaced with the 
drawing sheets, consisting of Figs. 3a, 3b and 5, as shown on the attached pages. 



US007071557B2 



(12) United States Patent 

Akram 



(io) Patent No.: US 7,071,557 B2 
(45) Date of Patent: *Jul. 4, 2006 



(54) METALLIZATION STRUCTURES FOR 
SEiMICONDUCTOR DEVICE 
INTERCONNECTS, METHODS FOR 
MAKING SAME, AND SEMICONDUCTOR 
DEVICES INCLUDING SAME 

(75) Inventor: Salman Akram, Boise, ID (US) 

(73) Assignee: Micron Technology, Inc., Boise, ID 
(US) 

( * ) Notice: This patent issued on a continued pros- 
ecution application filed under 37 CFR 
1.53(d), and is subject to the twenty year 
patent term provisions of 35 U.S.C. 154 
(a)(2). 

Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. 

(21) AppL No.: 09/388,031 

(22) Filed: Sep. 1, 1999 

(65) Prior Publication Data 

US 2002/0056914 Al May 16, 2002 

(51) Int. CI. 

HO J L 23/52 (2006.01) 

(52) U.S. CI 257/751; 257/748; 257/773; 

257/774; 257/762; 257/758 

(58) ■ Field of Classification Search 257/301, 

257/296, 669, 750, 752, 486, 751, 748, 741, 
257/773, 774, 762, 758; 438/625, 627, 643, 

438/653 

See application file for complete search history. 



(56) 



References Cited 



U.S. PATENT DOCUMENTS 



4,619,037 A * 10/1986 Taguchi et al 29/578 

4,988,423 A 1/1991 Yamamoto et al. 

5,275,973 A * 1/1994 Gelatos 216/18 



5,300,813 A 4/1994 Joshi et al. 

5,317,185 A 5/1994 Fernandes et al. 

5,321,211 A * 6/1994 Haslam et al 174/262 

5,335,138 A * 8/1994 Sandhu et al 257/306 

5,356,659 A 10/1994 Seshubabu el al. 

5,475,267 A 12/1995 lshii et al. 

5,489,548 A * 2/1996 Kishioka et al 438/396 

5,498,889 A * 3/1996 Hayden 257/301 

(Continued) 
FOREIGN PATENT DOCUMENTS 
EP 502647 A2 ♦ 9/1992 

(Continued) 

OTHER PUBLICATIONS 

Definition of "extent", Merriam-Webster online Dictionary. 
10 th edition, www.m-w.com. 

Primary Examiner — Eugene Lee 

(74) Attorney, Agent, or Firm — TraskBritt 

(57) ABSTRACT 

The present invention provides a metallization structure for 
semiconductor device interconnects such as a conductive 
line, and methods for making the same, wherein the metal- 
lization structure includes a substrate with a substantially 
planar upper surface, a foundation metal layer disposed on 
a portion of the substrate upper surface, a primary conduct- 
ing metal layer overlying the foundation metal layer, and a 
metal spacer on the sidewalls of the primary conducting 
metal layer and the foundation metal layer. The present 
invention also provides a metallization structure and a 
method for making the same, wherein the metallization 
structure includes a substrate with a foundation metal layer 
disposed thereon, a dielectric layer with an aperture there- 
through being disposed on the substrate, where the bottom 
of the aperture exposes the foundation metal layer of the 
substrate and a metal spacer on the side wall of the aperture 
and a line or plug of a primary conducting metal filling the 
remaining portion of the aperture. These metallization struc- 
tures are useful for reducing the incidence and severity of 
thermally induced stress voids. 

52 Claims, 9 Drawing Sheets 




PTO/SB/44 (09-07) 
Approved for use through 08/31/2010. 0MB 0651-0033 
US. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

(Also Form PTO- 1050) 



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 



pj 



PATENT NO 
APPLICATION NO. 
ISSUE DATE 
INVENTOR(S) 



7,071,557 B2 
09/388,031 
July 4, 2006 
Salman Akram 



It is certified that an error appears or errors appear in the above-identified patent and that said 
Letters Patent is hereby corrected as shown below: 



WO 




Fig. 3a 



MAILING ADDRESS OF SENDER (Please do not use customer number betow): 

Krista Weber Powell 
TraskBritt 

230 South 500 East, Suite 300 
Salt Lake City, Utah 84102 USA 

This collection of information is required by 37 CFR 1.322, 1 .323, and 1.324. The information is required to obtain or retain a benefit by the public which is to file (and by 
the USPTO to process) an application. Confidentiality is governed by 35 US.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to complete, 
including gathering, preparing, and submitting the compteted application form to the USPTO. Time will vary depending upon the individual case. Any comments on the 
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce. P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. 
SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 



If you need assistance in completing the form, call U600-PTO-9199 and select option 2. 



PT0/S8/44 (09-07) 
Approved for use through 08/31/2010. OMB 0651-0033 
US. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1 995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

(Also Form PTO-1050 



UNITED STATES PATENT AND TRADEMARK OFFICE 



PATENT NO 
APPLICATION NO. 
ISSUE DATE 
INVENTOR(S) 



CERTIFICATE OF CORRECTION 



7,071,557 B2 
09/388,031 
July 4, 2006 
Salman Akram 



■ Pago 5 of 6 - 



It is certified that an error appears or errors appear in the above-identified patent and that said 
Letters Patent is hereby corrected as shown below: 



13 



100 



) 




Fig. 3b 



MAILING ADDRESS OF SENDER (Please do not use customer number below): 

Krista Weber Powell 
TraskBrftt 

230 South 500 East, Suite 300 
Salt Lake City, Utah 84102 USA 

This collection of information Is required by 37 CFR 1 .322, 1 .323, and 1 .324. The information is required to obtain or retain a benefit by the public which is to tile (and by 
the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the 
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office. U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. 
SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 



// you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 



PTO/SB/44 (09-07) 
Approved lor use through 08/31/2010. OMB 0651-0033 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OP COMMERCE 
Under the Paperwork Reduction Act of 1 995, no persons are required to respond to a collection of information unless 9 displays a valid OMB control number. 

(Also Form PTCM050) 



PATENT NO 
APPLICATION NO. 
ISSUE DATE 
INVENTOR(S) 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



7,071,557 B2 
09/388,031 
July 4, 2006 
Salman Akram 



0 



It is certified that an error appears or errors appear in the above-identified patent and that said 
Letters Patent is hereby corrected as shown below: 




Fig. 5 



MAILING ADDRESS OF SENDER (Please do not use customer number below): 

Krista Weber Powell 
TraskBrptt 

230 South 500 East, Suite 300 
Salt Lake City, Utah 84102 USA 

This collection of information is required by 37 CFR 1.322. 1.323. and 1 .324. The information is required to obtain or retain a benefit by the public which is to Hie (and by 
the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to complete, 
including gathering, prepanng, and submitting the completed application form to the USPTO. Time wilt vary depending upon the individual case. Any comments on the 
amount of time you require to complete this torm anoVor suggestions for reducing this burden, should be sent to the Chief information Officer U S Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADORESS 
SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 



if you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 



\ 



/ PTO/SB/44 (09-07) 

Approved for use through 08/31/2010. OMB 0851-0033 
U.S. Patent and Trademark Office-. U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

/ (Also Form PTQ- 1050) 



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 



PATENT NO 
APPLICATION NO. 
ISSUE DATE 
INVENTOR(S) 



7,071,557 B2 
09/388,031 
July 4, 2006 
Salman Akram 



It is certified thai an error appears or errors appear in the above-identified patent and that said 
Letters Patent is hereby corrected as shown below: 

COLUMN 7, LINE 52, change "for sec ond" to -for second- 

CLAIM 45, COLUMN 12, LINE 47, change "The structure of claim 41," to -The structure of 

claim 44,— 



MAILING ADDRESS OF SENDER (Please do not use customer number beiow): 

Krista Weber Powell 
TraskBritt 

230 South 500 East, Suite 300 
Salt Lake City, Utah 84102 USA 

This collection of information is required by 37 CFR 1.322, 1.323. and 1.324. The information is required to obtain or retain a benefit by the public which is to file (and by 
the USPTO to process) an appfication. Confidentiality is governed by 35 U.S.C, 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the 
amount of time you require to complete this form and/br suggestions tor reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, US. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. 
SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1 450, Alexandria, VA 223 1 3-1 450. 



if you need assistance In completing the form, call 1-800-PTO-9199 and select option 2. 



